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The onset of bundle branch block during acute myo-
cardial infarction is indicative of ischemia in the distri -
bution of the left anterior descending coronary artery.
However, whether patients with chronic coronary artery
disease and bundle bran ch block have a predominance
of left anterior descending artery lesions is not known.
Similarly, the prognostic implications of bundle branch
block have been studied primarily in the setting of acute
myocardial infarction , and the independent prognostic
implications of bundle branch block in patient s with
chronic coronary artery disease are not known.
The electrocardiograms (ECGs) of 15,609 patients
with chronic coronary artery disease who underwent
coronary and left ventricular angiograph y as part of the
Coronary Artery Surgery Study (CASS) were reviewed,
and 522 patients with bundle branch block were iden-
tified. Patients with bundle branch block had both more
extensive coronary artery disease and worse left ven-
tricular function than did patients without bundle branch
block. However, no particul ar location of coronary ar-
tery stenosis or left ventricular wall motion abnormality
predominated in patients with bundle branch block.
During a follow-up period of 4.9 ± 1.3 years, 2,386
patients died. Actuarial probability of mortality at 2
There is clinical evidence of coronary artery disease in nearly
half of the patients with bundle branch block ( 1.2). The
etiology and cl inical significance of bundle branch block in
patients with coronary artery disease have been studied pri-
marily in patients in whom the block complicates acute
myocard ial infarction . In these patients . pathologic studies
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years in patients with left bundle branch block was more
than five times that in patient s without bundle branch
block (p < 0.0001), and in patients with right bundle
branch block the mortality rate was approximately twice
that in patients without bundle branch block (p < 0.0001).
Stepwise Cox regression analysis showed that left bundle
branch block, but not right bundle branch block, was
a strong predictor of mortality, independent of degree
of heart failure , extent of coronary disease and other
variables (p < 0.0001).
These results indicate that although bundle branch
block in the setting of chronic coronary artery disease
is generally associated with widespread left ventricular
wall motion abnormalities, it is not uniquely associated
with a lesion of the left anterior descending artery or
with motion abnormality of the anterior left ventricle.
Thus, most cases of bundle branch block in this sett ing
may not be the result of infarction of tile proximal con-
duction system, as they are when developingduring acute
myocardial infarction. Presence of left bundle branch
block is an important independent predictor of mortality
during long-term follow-up.
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have shown acute necrosis of the interventricu lar septum
and conduction system (3,4), and the strong association with
anterior wall myocard ial infarctio n (5) has implica ted le-
sions in the left anterior descending artery or its septal
branches. Bundle branch block acco mpanying acute infarc-
tion has been shown to confer a high risk of severe heart
failure and in-hospital mortality (5 .6) .
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Despite the high prevalence of coronary artery disease
in patients with bundle branch block, the onset of chronic
bundle branch block is only rarely accompanied by clinically
recognized myocardial infarction (I). More often, bundle
branch block is discovered as an incidental accompaniment
to chronic coronary artery disease. If bundle branch block
in these patients resulted from prior anterior wall myocardial
infarction, such patients would be expected to have a pre-
ponderance of proximal left anterior descending artery ste-
noses and anterior left ventricular wall motion abnormalities.
Persons with bundle branch block have a cardiovascular
mortality rate higher than that of age-matched persons with-
out such block (1,2). Because bundle branch block is a
marker for structural heart disease, it is possible that this
increased mortality is attributable to the underlying heart
disease (7-9). Previous study of the independent influence
of bundle branch block on mortality (I) has taken into ac-
count associated clinical conditions, but not angiographic
quanti tation of the extent of coronary disease or left ven-
tricular dysfunction, both of which are important determi-
nants of survival in patients with coronary artery disease
(10).
The purposes of the current study are to determine I)
whether patients with chronic bundle branch block have a
preponderance of stenoses in any particular coronary artery
or a preponderance of motion abnormalities of any particular
left ventricular wall segment, and 2) whether the presence
of bundle branch block has prognostic value independent
of extent of coronary disease and left ventricular dysfunc-
tion.
Their clinical, hemodynamic and angiographic character-
istics at entry into the Coronary Artery Surgery Study re-
gistry are shown in Table 1.
ECG classification. All patients had an ECG performed
at the time of cardiac angiography, which was classified as
showing left bundle branch block, right bundle branch block
or no block. The blocks were defined as follows: Left bundle
branch block: QRS duration of 2': 120 ms; broad, notched,
predominantly positive QRS complex in lead I and either
lead V5 or V6; predominantly negative QRS complex in lead
VI; absence of septal Q waves in left precordial leads; and
displacement of ST segment and T wave in a direction
opposite to that of the major QRS direction. Right bundle
branch block: QRS duration of 2': 120 ms; RSR' in lead V I
or V2; and S waves in lead I and either lead V5 or V6.
Assessment of coronary artery disease. The coronary
circulation was classified as right dominant if the right coro-
nary artery had a posterior descending branch; otherwise it
was classified as left dominant. Coronary disease was clas-
sified as significant if there was disease meeting one of the
following criteria. The left main coronary artery was con-
sidered diseased if it had a stenosis of 2':50%. The left
anterior descending artery was considered diseased if there
was 2':70% stenosis in it or in a major diagonal branch. The
left circumflex artery was considered diseased if there was
2':70% stenosis in it, in a major obtuse marginal branch or,
Table 1. Clinical, Hemodynamic and Angiographic
Characteristics of 15,609 Patients With Coronary Artery Disease
Screened for Bundle Branch Block
*Available in only 11,890 patients. CHF = congestive heart failure;
LV = left ventricular; LVEDP = left ventricular end-diastolic pressure.
Methods
Study patients. The Coronary Artery Surgery Study
(CASS) registry comprises 24,959 patients from 15 clinical
sites who underwent coronary and left ventricular angiog-
raphy for suspected or proved coronary artery disease be-
tween July 1974 and May 1979 (II). Patients with valvular
heart disease, nonischemic cardiomyopathy or congenital
heart disease were excluded from the registry (II). Patients
who entered the registry underwent a baseline 12 lead elec-
trocardiogram (ECG) at the time of angiography. Registry
patients were excluded from the present study as follows:
all 1,876 patients from a single clinical site were excluded
because their baseline ECG was not available for review;
633 additional patients were excluded because their baseline
ECG was incomplete or missing; 877 patients were excluded
because their baseline ECG showed a ventricular pace-
maker, Wolff-Parkinson-White syndrome or a nonspecific
intraventricular conduction delay with a QRS duration of
2':120 ms, or because they had previously had myocardial
surgery; 5,964 patients were excluded because they did not
have significant coronary artery disease (see later). The re-
maining 15,609 patients were included in the present study.
Gender
Male
Female
Age (yr)
Predominant symptom
Angina
Heart failure
Arrhythmia
Other or asymptomatic
History of myocardial infarction
Present
Absent
CHF score
o
I
2
3
4
LVEDP (torr)
LV ejection fraction*
LV score
No. of diseased coronary arteries
One
Two
Three
13,181 (84%)
2,428 (16%)
54 ± 9
13,108 (84%)
431 (3%)
243 (2%)
1,827 (11%)
9,223 (59%)
6,386 (41%)
10,065 (64%)
3,370 (22%)
1,213 (8%)
735 (5%)
226 (1%)
13.5 ± 7.3
0.57 ± 0.16
8.6 ± 4.0
4,375 (28%)
4,791 (31%)
6,443 (41%)
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in the presence of a left dominant coronary circulation, in
a posterolateral branch or the posterior descending artery.
The right coronary artery was considered diseased if there
was 2: 70% stenosis in it or, in the presence of rightdominant
coronary circulation, in the posterior descending artery.
Proximal stenoses of the left anterior descending, left cir-
cumflex and right coronary arteries were those proximal to
the fi rst septal perforator, to the fi rst obtuse marginal branch
or to a point halfway to the acute margin, respectively.
Conventionaldefinitions of one, two and threevessel disease
were used (II) .
Assessment of heart failure and left ventricular func-
tion. Clinical heart failure was rated using a composite
index, a "congestive heart failure score," which consisted
of the number of positive responses to history of heart fail-
ure, digitalis use, diureticuse and presence of rales (possible
score 0 to 4).
Global left ventricular fun ction was assessed from the
left ventriculogram in the 30° right anterior oblique projec-
tion. A left ventricular ejection fraction could be calculated
in only 11 ,890 (76%)of the 15,609 patients. In most patients
in whom ejection fraction could not be determined, the
reason was that the entire cardiac silhouette was not si-
multaneously imaged. Therefore, global left ventricular
function was quantified as a previously described " left ven-
tricular score," which assesses the systolic motion of fi ve
wall segments: anterobasal, anterolateral, apical. diaphrag-
matic and posterobasal ( I I) . Each segment was scored as
follows: normal = I , moderate hypokinesia = 2, severe
hypokinesia = 3, akinesia = 4, dyskinesia = 5 and an-
eurysm = 6. " Left ventricular score" was the sum of the
scores of all five segments (possible score 5 to 30).
Segmental wall motion abnormalities could be evaluated
from the rightanteriorobliqueventriculogramin all patients.
However, wall motionabnormalities seen in the left anterior
oblique ventriculogram could be evaluated in only the 5,579
patients (36%) who had a left ventriculogram performed in
the left anterior oblique projection.
Follow-up. Patients were followed-up for 4.9 ± 1.3
years (range 0.8 to 8.0). The end point of follow-up was
death. Follow-up data to time of death or last scheduled
surveillance were obtained for 99.7% of the patients.
Statistics. All values are mean ± SO, except for sur-
vival probabilities, which are mean ± SE. The chi-square
test and analysis of variance were used as appropriate. Sur-
vival analysis was performed using Cox's regression model
(12).
Does abnormality of one lef t ventricular wall segment
or one proximal artery have more predictive power for
bundle branch block than the others? This question was
examined on a logistic scale as follows. An indicator vari-
able for each segment or artery (normal or abnormal) was
used in a logistic regression. Simultaneous confidence in-
tervals for the coefficient were computed. Bonferroni con-
fidence intervals (13) were used because of the multiple
comparison (that is, theconfidence was 100[1 - 0.05/number
of coefficients1%). The number of coefficients was fi ve for
the left ventricular wall segments and four for proximal
arteries (including the left main coronary artery).
Results
A total of 522 patients (3.3%) had bundle branch block.
The prevalences of left bundlebranch blockand right bundle
branch block were approximately equal, I. 6 and I. 7%, re-
spectively. Left bundle branch block was more frequent in
women than in men (p < 0.001), whereas right bundle
branch block was more frequent in men than women (p <
0.025).
Table 2. Comparison of Extent of Heart Failure and Coronary Artery Disease in Patients With and Without Bundle Branch Block
No Bundle
LBBB RBBB Branch Block
(n = 250) (n = 272) (n = 15.087)
CHF score/(%)
0 70 (28'70 ) 127 (47%) 9868 (65%)
I 44 (18%) 58 (2 1%) 3268 (22%)
2 39 (16%) 40 (15%) 1134 (8%)
3 66 (26%) 35 (13%) 634 (4%)
4 3 1 (12%) 12 (4%) 183 (1%)
LV ejection fraction* 0.40 :.!: 0.20 0.49 :t 0 . 18 0.57 :t 0.16
LV score 12.5 :t 4 .7 10.4 1: 4.6 8.5 :t 4 .0
LVEDP (torr) 18.5 :.!: 9.8 16.0 :t 8.8 13.4 :t 7.3
No. of diseased coronary arteries
One 47 (19%) 62 (23%) 4266 (28%)
Two 85 (35%) 76 (28%) 4630 (31%)
Three 118 (47%) 134 (49%) 6191 (41%)
p Value
< 0.0001
< 0.0001
< 0.000 1
< 0.0001
0.0009
*Left ventricular ejection fraction was available in only 161 patients with left bundle branch block, 196 patients with right bundle branch block and
11,533 patients without bundle branch block. LBBB = left bundle branch block; RBBB = right bundle branch block; other abbreviations as in Table I.
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Figure 1. Prevalence of motion abnormalities in
five left ventricular wall segments determined by
angiography in the right anterior oblique projection
in 15,609 patients with and 522 without bundle
branch block (BBB). Wall motion was considered
abnormal if there was moderate or severe hypoki-
nesia, akinesia or dyskinesia. Patients with bundle
branch block had more extensive wall motion ab-
normalitiesthan those without bundle branch block,
but abnormality of no single wall segment showed
a uniquely strong association with bundle branch
block. Probability (p) values refer to comparison
with patients without bundle branch block. LBBB
= left bundle branch block; RBBB = right bundle
branch block.
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Correlations with heart failure and left ventricular
function (Table 2, Fig. 1 and 2). Patients with bundle
branch block had worse left ventricular function than did
those without, as evidenced by higher congestive heart fail-
ure score, lower left ventricular ejection fraction, higher left
ventricular score, and higher left ventricular end-diastolic
pressure. Among patients with bundle branch block, those
with left bundle branch block had worse left ventricular
function than did those with right bundle branch block.
Conversely, the prevalence of bundle branch block was
higher in patients with evidence of more severe left ven-
tricular failure, and this effect was more striking for left
bundle branch block. For example, among patients with left
ventricular end-diastolic pressure 220 mm Hg, the preva-
lences of left and right bundle branch blocks were 5.4 and
2.6 times that in patients with left ventricular end-diastolic
pressure of <20 mm Hg, respectively.
Motion abnormalities of each of the five left ventricular
wall segments seen in the right anterior oblique projection
were present more commonly in patients with bundle branch
block than in those without (Fig. I). For each wall segment,
the prevalence of motion abnormalities in patients with left
bundle branch block was greater than that in patients with
right bundle branch block, and the latter in turn was greater
than that in patients without bundle branch block (p <
0.001). However, the correlation between motion abnor-
mality and bundle branch block was not significantly stronger
for any single wall segment compared with the others.
Similarly, among the patients who underwent left ven-
tricular angiography in the left anterior oblique projection,
motion abnormalities of each of the wall segments seen in
this projection were present more commonly in patients with
bundle branch block than in those without (Fig. 2). Again,
however, the correlation between bundle branch block was
not significantly stronger for any single wall segment com-
pared with the others.
Correlations with extent and distribution of coronary
stenoses (Table 2, Fig. 3). Patients with bundle branch
block had more extensive coronary artery disease than did
those without, but the association of bundle branch block
with extent of coronary disease was not as striking as that
with left ventricular failure. The prevalence of proximal
lesions of specific coronary arteries in patients with and
without bundle branch block is shown in Figure 3. Neither
right nor left bundle branch block was associated with a
statistically increased prevalence of significant left main
coronary artery stenosis compared with patients without bundle
branch block. There were only small increases in the prev-
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Figure 2. Prevalence of motion abnormalities
in five left ventricular wall segments deter-
minedbyangiography in theleftanterioroblique
projection in patients with and without bundle
branch block. Only the 5,579 patients who
underwent left ventriculography in the left an-
terior oblique projection are included in this
analysis. Patients with bundle branch block
(BBB) had more extensive wall motion ab-
normalities than those without bundle branch
block, but abnormality of no single wall seg-
ment showeda uniquely strongassociation with
bundle branch block. Probability (p) values
refer to comparison with patients without bun-
dle branch block. Abbreviations as in Fig-
ure 1.
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Variables With Independent Correlation Significant at p < (l.05
Potential Variables to be Included in Cox Model but
Without Independent Correlation Significant at p < 0.05
Table 3. Stepwise Cox Survival Analysis in 15,609 Patients
With Coronary Artery Disease
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Chi-square
Higher LV score
Higher CHF score
Greater number of stenosed vessels
Greater age
Greater number of associated illnesses
Presence of LBBB
Degree of LMCA stenosis
Absence of angina
Degree of CFx stenosis
Degree of RCA stenosis
History of diabetes
History of hypertension
Gender
Race
Presence of unstable angina
Degree of LAD stenosis
Dominance of coronary circulation
Presence of RBBB
CFx = circumflex coronary artery; LAD = left anterior descending
coronary artery: LMCA = left main coronary artery: RCA = right coro-
nary artery; other abbreviations as in Tables I and 2.
Figure 4. Actuarial survival in 15,083 patients without bundle
branch block. 272 with right bundle branch block and 250 with
left bundle branch block. The figures above the curves denote
the number of patients at risk in each group at yearly intervals
during follow-up. The figures belowthe graph denote the prob-
ability (± SE) of survival of patients in each group at yearly in-
tervals. Differences among the three curves are highly significant
(p < 0.0001)
alence of stenoses of the proximal left anterior descending,
proximal circumflex and proximal right coronary arteries in
patients with bundle branch block compared with patients
without. The correlation between bundle branch block and
proximalcoronary artery stenosis was not significantly stronger
for any particular coronary artery than for the others.
Survival analysis (Table 3, Fig. 4). Of the 15,609 pa-
tients, 2,386 died during follow-up. Patients with left or
right bundle branch block had a significantly (p < 0.000 I)
higher mortality rate than did patients without bundle branch
block (Fig. 4). For example, the actuarial probability of
mortality at 2 years was 38 ± 3% in patients with left
bundle branch block and 16 ± 2% in patients with right
bundle branch block, compared with 7 ± 0.2% in patients
without bundle branch block. Stepwise Cox regression was
applied to the survival data, and the independent correlates
of mortality are shown in Table 3. Presence of left bundle
branch block, but not right bundle branch block, was an
independent predictor of mortality. Presence of left bundle
branch block followed only left ventricular score, congestive
heart failure score, number of diseased coronary arteries,
age and number of associated illnesses in prognostic sig-
nificance. Presence of left bundle branch block conferred a
2.2-fold increased risk of death, independent of other prc-
dictors.
Discussion
Etiology of chronic bundle branch block. When bun-
dle branch block develops during acute myocardial infarc-
tion, the location of the infarct is almost invariably anterior
(5) and pathologic studies (3,4) have shown acute necrosis
of the septal summit in the region of the proximal bundle
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Figure 3. Prevalence of proximal coronary artery ste-
noses in 15,609 patients with and without bundle branch
block. Differences among patients with and without
bundle branch block (BBB) were small and in several
cases notstatistically significant. Probability (p) values
refer to comparison with patients without bundle branch
block. CFx = left circumflex coronary artery; LAD
= left anterior descending coronary artery: LMCA =
left main coronary artery; RCA = right coronary ar-
tery; other abbreviations as in Figure I.
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branches. This suggests that bundle branch block that de-
velops during acute myocardial infarction is caused by in-
farction of the proximal conduction system resulting from
occlusion of the proximal left anterior descending artery or
its septal branches. The patients in the present study had
chronic bundle branch block. If blocks in these patients were
caused by prior infarction of the proximal conduction sys-
tem, then one would expect a preponderance of proximal
left anterior descending artery stenosis. However, we found
that the prevalence of proximal left anterior descending ar-
tery stenosis in patients with bundle branch block was only
marginally greater than that in patients without block. Fur-
thermore, comparable increments were found in the prev-
alence of stenosis in the proximal circumflex artery, a vessel
that does not normally supply the proximal conduction sys-
tem (14). Therefore, it is unlikely that infarction of the
conduction system was the principal cause of bundle branch
block in our patients. This interpretation is supported by the
finding in the Framingham study that the onset of bundle
branch block is only rarely accompanied by clinically evi-
dent myocardial infarction (I). In addition, autopsy studies
(4,15-17) among patients with chronic bundle branch or
atrioventricular (AV) block have found fibrosis or calcifi-
cation to be more common than infarction in the area of the
proximal conduction system.
Thus, our results indicate that bundle branch block in
patients with coronary artery disease is predictive of more
severe left ventricular dysfunction and more extensive coro-
nary artery stenoses, but not predictive of disease in any
particular left ventricular wall segment or coronary artery.
Bundle branch block and impaired left ventricular
contractility. The degree to which left bundle branch block
itself impairs left ventricular contractility, as measured by
cineangiography, is controversial (18-20). However, left
bundle branch block probably causes no more than a 15%
fractional decrease in ejection fraction (20); our patients with
left bundle branch block had an average ejection fraction
30% less than that in patients without bundle branch block.
Furthermore, left bundle branch block has been shown to
selectively affect contractility in the anterior and septal wall
segments (19), whereas our patients with left bundle branch
block had impaired contractility in all wall segments (Fig.
1 and 2). Therefore, it is unlikely that left bundle branch
block itself was the major contributor to impaired global
contractility. Right bundle branch block has not previously
been shown to affect left ventricular contractility, so the
impaired contractility in our patients with right bundle branch
block was probably not a direct consequence of the con-
duction disturbance. In both patients with left bundle branch
block and those with right bundle branch block, it is much
more likely that their more widespread coronary artery dis-
ease accounted for their depressed left ventricular contrac-
tility.
Could global left ventricular dysfunction itselfpredispose
a patient to bundle branch block? Elevated left ventricular
end-diastolic pressure was among the variables that corre-
lated with occurrence of conduction block in our patients
(Table 2). The increased wall stress associated with ele-
vation of ventricular diastolic pressure may predispose a
patient to the degenerative changes (fibrosis and calcifica-
tion) seen in the conduction system ofthese patients (4,15-17).
The septal and posterior left ventricular wall segments
are seen in the left anterior oblique projection but not the
right anterior oblique projection. A limitation of this study
is that left ventriculograms in the left anterior oblique pro-
jection were available in only 36% of the patients. However,
the data from the left anterior oblique projections in this
subset of patients are consistent with the data from the right
anterior oblique projections in the entire patient group, be-
cause both show that bundle branch block is associated with
worse global left ventricular contractility, without particular
worsening of any specific wall segment.
Bundle branch block and extent and location of coro-
nary stenosis. Previous information on the extent and dis-
tribution of coronary artery disease accompanying chronic
bundle branch block is limited. Our finding of modest in-
creases in the extent of coronary stenosis in patients with
bundle branch block differs from that of Haft et al. (21),
who reported no increase in the extent of coronary artery
disease in patients with right bundle branch block. That
study and ours may underestimate the association between
bundle branch block and extent of coronary artery disease,
because the presence of bundle branch block may have
influenced the decision to perform angiography in patients
with minimal symptoms, resulting in a bias toward including
patients with bundle branch block but less extensive coro-
nary artery disease. An attempt was made to minimize such
a bias in the present study by excluding patients without
significant coronary artery disease. However, in the study
of Haft et al. (21) nearly half of the patients with bundle
branch block had normal coronary arteries, and this could
explain their finding no association between bundle branch
block and extent of coronary stenoses.
Impact of left bundle branch block on mortality. Pa-
tients with bundle branch block have previously been shown
to have a higher mortality rate than age- and sex-matched
controls, but it was unclear whether the excess mortality
reflected only the severity of the underlying heart disease
(1,2,7-9). We found that the presence of left bundle branch
block strongly contributed to increased risk of death inde-
pendent of extent of left ventricular dysfunction and coro-
nary artery disease. This finding extends that of the Fra-
mingham study (I), which also found left bundle branch
block an independent correlate of mortality but did not in-
clude angiographic or hemodynamic data.
The mechanism by which left bundle branch block in-
dependently contributes to mortality is unknown. It is pos-
sible that sudden progression to high degree heart block
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accounted for some deaths; however, the rate of such pro-
gression has been shown to be very low in patients with
left bundle branch block (22). Another possibility is that
the mortality associated with left bundle branch block in our
patients was due to ventricular tachyarrhythmias. Ventric-
ular tachycardia can be induced by programmed electrical
stimulation in 28 to 31% of patients with bundle branch
block and syncope (23,24). In a recent report of cardiac
arrest survivors (25), left bundle branch block was present
in 16 (13%) of 119 patients. These findings suggest that the
excess mortality in our patients with left bundle branch block
may have been secondary to ventricular tachyarrhythmias.
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University of Alabama at Birmingham, Birmingham, AL. William
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Investigator; Martin F. McKneally, MD, Principal Investigator; Thomas
M. Older, MD, Eric D. Foster MD, Joseph Mclllduff. MD.
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